We have isolated a colonial derivative of Bradyrhizobium japonicum USDA 110 (designated MN-110) that is both mannitol utilizing and N2 fixing. Derivative MN-10 showed growth on mannitol and glucose similar to that of non-N2-fixing, mannitol-utilizing L2-110. Derivative MN-110 showed high constitutive and induced D-mannitol dehydrogenase activity (similar to L2-110) relative to N2-fixing, non-mannitol-utilizing 1-110. Hybridization to EcoRI and Hindlll total DNA digests with cloned USDA 110 nif DK and nif H genes revealed similar patterns for non-N2-fixing mannitol-utilizing derivative LI-110 and derivative MN-110. Symbiotic tests with soybean cultivars Ransom and Lee indicate MN-110 to be a superior N2-fixing derivative compared with derivative 1-110 and the parent strain USDA 110. However, these differences were not revealed when comparing 28-day-old soybean-B. japonicum associations but were apparent in 49-day-old associations. It was apparent from this work that mannitol utilization was not necessarily correlated to symbiotic effectiveness in B. japonicum and that gene rearrangements were not responsible for differences in N2 fixation between LI-110 or L2-110 and MN-110.
Md., in December 1984. In this report, MN-110 is characterized with respect to nif structural gene organization, growth on glucose and mannitol, mannitol dehyrogenase activity, and symbiotic effectiveness.
MATERIALS AND METHODS
Bacterial strains. Derivatives 1-110, Li-110, and L2-110 were isolated by Kuykendall and Elkan (9) from B. japonicum USDA 110, which was obtained from D. F. Weber, U.S. Department of Agriculture (USDA). Derivatives MN-110 and NI-110 were isolated by Mathis et al. (14) from strain USDA 110 which was recently obtained from L. D. Kuykendall, USDA. To determine mean N2 fixation values for symbiotically competent mannitol-utilizing and non-mannitol-utilizing derivatives, 10 individual colonial derivatives of similar colony morphology were combined to form substrains NI-110 and MN-110. In the case of MN-110, these 10 individual colonial derivatives were the 10 which gave intermediate total N and acetylene reduction values from the 20 individual colonial derivatives screened by Mathis et al. (14) . Cloned B. japonicum nifDK (from pRj4034) (4) and nifH (from pRj7001) (5) genes were the kind gift of H. Hennecke, Mikrobiologisches Institut, Zurich, Switzerland.
Growth of derivatives in glucose and mannitol. Bacterial growth for derivatives I-110, NI-110, L2-110, and MN-110 were determined in cultures containing 1% (wt/vol) glucose or mannitol, 0.025% (wt/vol) yeast extract, 0.05% (wt/vol) K2HPO4, 0.08% (wt/vol) MgSO4. 7H20, 0.02% (wt/vol) NaCl, and 0.001% (wt/vol) FeCl3 6H20 (pH 6.7) (23 Mannitol dehydrogenase activity. D-Mannitol dehydrogenase activities were determined as described previously by Kuykendall and Elkan (10) . Constitutive levels were measured for derivatives 1-110, NI-110, L2-110, and MN-110 by using yeast extract-gluconate-grown cells (as described above). Inducible levels of mannitol dehydrogenase were measured with cells grown in 1% (wt/vol) mannitol containing 0.1% (wt/vol) yeast extract and the salt concentrations described above. Formation of NADH was measured by monitoring changes in optical density at 340 nm to determine enzymatic activities. Protein concentrations of extracts were determined by the method of Layne (11 (13, 16) . At 49 days, plant dry weight, percent nitrogen, and total nitrogen were determined. Since plants were grown in a nitrogen-free culture system, accumulation of nitrogen represented N2 fixation (13, 16) . To ensure that the proper strain had infected the various cultivars, 2 nodules per plant were purified (19, 23) , and the colonial morphologies of the nodule occupants were checked. Data obtained from the symbiotic tests were subjected to analysis of variance by using computer programs developed by the SAS Institute (7) . With respect to optical density, derivatives NI-110 and 1-110 produced indistinguishable growth curves on glucose and mannitol (Fig. 2) (Fig. 3 ). An additional minor band at approximately 6 kb was also detected, but this band probably represents homology to another mif promoter sequence, since this band was not previously demonstrated for either Li-110 (15) Derivative MN-110, despite its shared characteristics with derivatives Li-110 and L2-110, has been found to be symbiotically superior to derivatives 1-110 and NI-110 and strain USDA 110. This difference, however, was not statistically significant in data collected 28 days after inoculation but was From these data it must be concluded that mannitol utilization in B. japonicum is not necessarily correlated to symbiotic effectiveness. It can also be concluded that nif gene rearrangements are not responsible for the loss of N2 fixation competence in Ll-110 and L2-110, since symbiotically effective derivatives I-110 and MN-110 have the same pattern of homology. Instead, another gene involved in N2 fixation competence or a point mutation must be responsible for the loss of N2 fixation competence in Li-110 and L2-110. Since strain USDA 110 derivatives with various levels of N2 fixation have been discovered, the importance of screening strains for stable colonial morphology before genetic studies on Rhizobium, and Bradyrhizobium spp. is apparent. Since MN-110 and L2-110 were morphologically indistinguishable from one another, screening several individual colonies of similar morphology for N2-fixing ability before genetic analysis of nif genes may also be important. The availability of naturally occurring strain derivatives or strains which are superior at N2 fixation, such as MN-110, is also illustrated by this work.
RESULTS

